became obvious that the old story of M bovis evolving into the human pathogen should be 37 reversed, as M. tuberculosis is more ancestral than M. bovis. Nevertheless, the timescale and 38 geographical origin remained an enigma. 39
In the current study human and cattle bone samples were examined for evidence of 40 tuberculosis from the site of Atlit-Yam in the Eastern Mediterranean, dating from 9250-8160 41 (calibrated) years ago. Strict precautions were used to prevent contamination in the DNA 42 analysis, and independent centers used to confirm authenticity of findings. DNA from five M 43 tuberculosis genetic loci was detected and had characteristics consistent with extant genetic 44 lineages. High performance liquid chromatography was used as an independent method of 45 verification and it directly detected mycolic acid lipid biomarkers, specific for the M. 46 tuberculosis complex. These, together with pathological changes detected in some of the bones, 47 M A N U S C R I P T
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Introduction 53
Human tuberculosis (TB) persists as a global epidemic with disproportionate effects on low-54 income populations. Modern genetic data supported by the archaeological evidence indicate 55 that the Mycobacterium tuberculosis complex (MTBC) may have co-existed with humans for at 56 least 15,000 years since the Neolithic. 1, 2 The disease reached near-epidemic proportions in the 57 rapidly urbanizing and industrializing societies of Europe and North America in the 18th and 58 19th centuries. 3 59
Despite extensive research over period of more than 100 years, the timing, cause and 60 geographical origin of TB in humans is still under debate. Until the end of the previous 61 century, it was commonly believed that animals, especially bovine, transmitted the ancestral 62
Mycobacterium to humans -divergent evolution. As infection with tuberculosis spreads in two 63 major ways, by the respiratory route directly from another infected person (e.g., M. were all roughly dated to a much later period -the fourth millennium BC 73 or later. 6,8 Also, this later date was reflected by pathological and molecular findings reported 74 for Egyptian mummies (some dating back to the XXI st Dynasty) and skeletons (the oldest 75 dated to 3300 BC) that were reported to have tuberculosis pathology; 9,10 3) The spread of TB 76 from cattle to human occurs largely by drinking infected milk, yet milk consumption did not 77 start until the "Secondary Products Revolution" in the fifth-fourth millennium BC.
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were lactase-deficient, i.e., they lacked the ability to metabolize milk. Biological tolerance of 80 adult populations to bovine milk and milk products only began in the Neolithic period. 13 In 81 this case only infants would have consumed milk and thus contracted bovine TB; 4) When 82 considering TB infection, herd size is of greater relevance than human population size. 14 to answer those questions. 112
Background on the site and its inhabitants 113
Atlit-Yam is one of the major submerged sites discovered and studied during the 1980s and 114 
Morphological analysis 148
Osseous criteria for TB: As many infectious diseases tend to produce similar bone 149 changes, osseous criteria alone are not sufficient to reach a definite diagnosis of TB. and/or knee joints; (h) proliferative bone reaction on the ribs. 24 165
Histological sections 166
Fragments of affected bones were used for histological sections. The bones were cleaned 167 with water (ultrasonic bath) and immersed in alcohol (90%)
Molecular analysis-Human bones 173
All molecular work was conducted in dedicated aDNA laboratories, taking strict precautions 174 against contamination. DNA was extracted from two Atlit-Yam samples, an adult female and 175 an infant, using guanidine thiocyanate lysis buffer and silica-based purification. The extracted 176 DNA was amplified via PCR and characterized using deletion analysis, spoligotyping and 177 sequencing. 22 The presence or absence of the M. tuberculosis-specific deletion (TbD1) was 178 determined by targeted PCR 22 and by spoligotyping pattern.
18
Negative PCR findings are not 179 proof of absence, due to the damage and breakdown of aDNA over time and the localization 180 of pathogen molecular markers within the host. However, a positive result does confirm TB, 181 especially in combination with typical TB-associated morphology, histology and 182 biochemistry. 183
Molecular analysis-cattle bones 184
Samples were taken from five cattle bones with no visible pathological changes and 185 were processed as described above. 186
Lipid biomarkers 187
Extraction, derivatisation and high performance liquid chromatography (HPLC) analysis of 188 mycobacterial cell wall mycolic acids was carried out on samples from both the infant and 189 adult. For examination of lipid biomarkers an established protocol was carried out. 22 
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Results 192
Paleopathology 193
The skeletal remains of well-preserved individuals from the site of Atlit-Yam were 194 examined for lesions consistent with a possible diagnosis of tuberculosis. Among the 64 195 specimens studied, three specimens showed bone pathology suggestive of tuberculosis: a -an 196 adult woman buried together with an infant (Fig. 1) ; these skeletons were later sampled for reactive bone on the long bones (Fig. 2a,b) . Both lesions are indicative of tuberculosis. The 203 woman, estimated to be around 25 years old based on teeth attrition, epiphyseal ring 204 ankylosis and separated symphysis pubis, had a periosteal reaction affecting the distal 205 diaphysis of one tibia, a bony change associated with HOA. The adult male exhibited a 206 destruction of the anterior vertebral body of a thoracic vertebra (Fig. 3) , known as Pott's 207 disease and characteristic of TB. 26 No proliferative bone reaction was observed on the ribs. 208
The histological analysis (Fig. 2b) clearly shows that the new bone formation rests on the 209 original bone surface without infiltrating or destroying it. This indicates that the 210 inflammatory process originates in the periosteum and/or the surrounding soft tissue, and 211 not in the medullary cavity, as the consistency of the compact bone is undisturbed. 212
Molecular analysis 213
Ancient DNA analysis was conducted on the ribs and several limb bones of the woman and 214 from the long bones of the infant. Mycobacterium tuberculosis (MTB) complex DNA was 215 detected in the bones of both the woman and infant. 22 Multi-copy IS6110 and IS1081 216 amplicons were obtained and sequenced from the rib of the woman and the infant long bone. 
Lipid biomarkers 234
Long-chain fatty acids were extracted as pentafluorobenzyl (PFB) esters, and fractions 235 corresponding to PFB mycolates were obtained. 22 After treatment with pyrenebutyric acid 236 (PBA) these fractions produced PBA-PFB mycolates, which, after reverse phase HPLC, gave 237 profiles closely similar to standard M. tuberculosis. 22 Further normal and reverse phase HPLC 238 gave detailed profiles for each sample, reinforcing the identity with M. tuberculosis. 239 240
Discussion 241
The current study sought answers to three basic questions regarding TB, namely when, adult disease, and is usually a sentinel event in the community, demonstrating recent 280 transmission. In the absence of any effective treatment, advanced tuberculosis carried 281 significant mortality for both mother and child, so it is unsurprising for a presumed mother 282 and child to succumb and be buried together. We believe that these are the earliest confirmed 283 cases of the disease. Based on the spoligotype and TbD1 deletion, the genetic lineage 284 resembles the Principal Genetic Group PPG1b. The relationship between genetic variants of 285 M. tuberculosis, geographical location and the presentation of disease is poorly understood at 286 present. Our study, we believe, provides a marker in real-time to indicate how this major 287 pathogen has changed its relationship with its human host. 
